The relationship between Nigerian Bonny Light crude oil (NBLCO) induced hypoglycaemia and endogenous serum insulin concentration; the role of antioxidant vitamin C or E supplementation was the focus of this study. Forty adult male Wistar rats were randomly divided into group I, which served as the control, group II, which was oral gavaged 6 ml/kg of NBLCO, groups III and IV, which were in addition to 6 ml/kg of NBLCO supplemented with 9 ml/kg and 1 mg/kg of vitamin E or C, respectively for 28 days. Results showed that NBLCO significantly (p < 0.05) lower body weight and food intake compared with control. These effects exerted by NBLCO were however significantly (p < 0.05) reversed by vitamin E or C supplementation. The NBLCO significantly (p < 0.05) reduced fasting blood glucose (FBG) when compared with control, the antioxidant vitamins supplementation significantly (p < 0.05) reversed the crude oil effect. The mean serum insulin level in NBLCO, vitamin E or C supplemented groups is not significantly different from the control. There was no significant correlation between FBG and fasting serum insulin concentrations in all the groups on day 28. It has been demonstrated in this study that direct oral ingestion of crude oil (NBLCO) could reduce food intake, body weight and cause hypoglycemia; the hypoglycemia may not be a function of serum insulin concentration. Interestingly, the hazardous effects of NBLCO could be ameliorated with antioxidant vitamin C or E supplementation.
Introduction
The prevalence of crude oil spillages and the attendant contamination is increasing rapidly in the Niger Delta region of Nigeria with a resultant unrestricted exposure of animals including humans [1] [2] in the environment, as well as the ingestion of petroleum-contaminated food substances ranging from water to aquatic organisms and crops, have been reported to negatively affect animals' health in diverse ways [3] - [8] .
Most reports on the toxicological effects of crude oil in relation to its refined products on health of organisms have centered much on the inhalation of petroleum fumes with little or no attention on oral ingestion. It is therefore pertinent to note that most of the rural dwellers that indulge in the unorthodox folklore medicine actually consume crude oil by oral ingestion. Apart from this sub-lethal effect from direct crude oil ingestion, crude oil can also be indirectly incorporated into the food chain [9] by way of contamination from spillages and other sources, which can result in spectrum of toxic effects. These may include inflammation, derangement in glucose metabolism, lipid profile with ultimate impairment of health status [10] [11] . Most importantly, hypoglycaemic effect of crude oil in experimental animals is widely reported in literature with diverse hypotheses on the possible mechanism(s) [11] - [14] . So far, there has not been any reported role of insulin on glucose metabolism associated with crude oil administration. In the light of this, investigation on the relationship between NBLCO-induced hypoglycaemia and endogenous serum insulin concentration in male Wistar rats, as well as the role of antioxidant vitamins C and E supplementation were undertaken.
Materials and Method

Chemicals
The Crude petroleum was obtained from the EXXON/MOBIL laboratory Eket, Nigeria. The chemical used was chloroform from BDH Chemicals Ltd, (Poole, England).
Experimental Animals
Mature male Wistar albino rats weighing between 130 -135 g were obtained from the animal house of the Faculty of Pharmacy, University of Uyo, Nigeria and were kept in a well-ventilated experimental section in the animal house for fourteen (14) days to acclimatize. The animals were allowed food and water ad libitum. After the acclimatization period, the animals were weighed, their fasting blood glucose levels (FBG) taken, before the commencement of experimental treatment.
Experimental Design and Treatment of Animals
A total of forty (40) adult male Wistar albino rats were randomly divided into four groups, group I served as control. It was experimentally designed thus; group II, the crude oil group (CO) was oral gavaged 6 ml/kg of Nigerian Bonny Light Crude Oil (NBLCO) according to the dose described by Eyong et al. [15] . Groups III and IV were in addition to 6 ml/kg of Nigerian Bonny Light Crude Oil (NBLCO) supplemented with 9 ml/kg and 1 mg/kg of vitamin E or C respectively. In all cases, the dose, which was based on the rat's most recently recorded body weight, was applied daily.
The rats in all treated groups were repeatedly exposed by oral gavaged to NBLCO (CO), NBLCO + vitamin E (CO + Vit. E) and NBLCO + vitamin C (CO + Vit. C) as earlier stated for 28 days. Rats in the control group were similarly oral gavaged with 10ml/kg of normal saline as control vehicle for the same 28 days. The weight of animals and glucose levels were taken on day 1, 7, 14, 21 and 28, before the animals were sacrificed. soaked in swap of cotton wool in a desiccator. A (5 ml) sterile syringe with needle was used for collection of blood from the heart, by cardiac puncture. The blood sample was transferred into properly labeled sterile sample bottles.
The blood samples were spun with table top centrifuge (RM-12 Micro centrifuge, REMI, England) at 3000 rpm for 10 minutes. Then the serum was separated gently with the help of micropipette and stored in labeled eppendrof tubes at −20˚C until assayed for serum chemistry.
Estimation of Food Intake
These animals were kept singly in clean plastic cages. They were given rat chow (Vital feeds, Grand Cereals Ltd, Jos). The food intake was determined by measuring the initial amount of food (in gramme) presented to the rats and amount by weight of left-over after 24 hours. The amount of left-over was subtracted from the initial weight to obtain the amount presumably consumed by the rats.
Estimation of Fasting Blood Glucose (FBG)
Fasting blood glucose was determined from drops of blood from cut tip of rat tail using one-touch life-scan blood glucose meter (USA). This was done on the first day of experiment, thereafter was done on weekly basis and on the day of sacrifice blood sample collected directly from the heart was used for glucose determination.
Estimation of Serum Insulin Concentration
The DRG insulin enzyme immunoassay kit (Germany) was used for the determination of insulin in serum.
Statistical Analysis
Values of the biochemical assays were expressed as mean (±) standard error (SE) and were statistically analysed with SPSS 15.0 version using one way analysis of variance and results were further subjected to post hoc test using Least Square Deviation (LSD). p < 0.05 was considered to be significant.
Results
Evaluation of Changes in Body Weight
The initial body weight, final body weight and weight change in the control, CO, COE and COC rats are as presented in Table 1 . The results showed that Nigerian Bonny Light crude oil significantly reduced body weight compared with control (p < 0.05). However, the body weight reduction exerted by NBLCO was significantly (p < 0.05) reverse by vitamin E or C supplementation.
Evaluation of Weekly Food Intake in Control and Treatment Rats
The weekly food intakes in the control and treatment groups are presented in Figure 1 . Results showed that Nigerian Bonny Light crude oil (CO) significantly (p < 0.05) reduced food intake when compared with the control. Vitamin E or C supplementation however significantly (p < 0.05) increased food intake compared with CO group but not significantly different from control.
Weekly Fasting Blood Glucose of Control and Treatment Rats
The Nigerian Bonny Light crude oil (CO) significantly (p < 0.05) reduced fasting blood glucose (FBG) when compared with control. Vitamin E or C supplementation significantly (p < 0.05) reversed this effect compared with CO group, this effect was not significantly different from control, as presented in Figure 2. 
Serum Insulin Concentration (µIU/mL) and Fasting Blood Glucose on Day 28
Figure 3 is a representation of serum insulin concentration and fasting blood glucose for the control and treatment rats taken on day 28. The mean serum insulin level in CO group was not significantly different from the control. Similarly, serum insulin levels in groups supplemented with vitamin E or C were not significantly different from CO group. The Nigerian Bonny Light crude oil (CO) significantly (p < 0.05) reduced fasting blood glucose (FBG) compared with control on day 28, but vitamin E or C supplementation significantly (p < 0.05) increased FBG when compared with CO and control groups.
Relationship between Fasting Blood Glucose and Plasma Insulin on the 28th Day
The correlation between fasting blood glucose (FBG) and fasting serum insulin levels on day 28 of treatment was determined for the control and various treatment groups as presented in Figure 4 . There was no significant correlation between FBG and fasting serum insulin concentrations in all the groups on day 28.
Discussion
Ingestion of crude oil causes a wide spectrum of toxicological effects, as well as biochemical and physiological dysfunctions that may constitute serious health hazards and threat to humanity; such is evidenced in this study.
Nigerian Bonny Light crude oil significantly reduced food consumption and body weight in the treatment rats throughout the experimentation. Crude petroleum contamination can have severe consequences on the health of organisms including humans. Stress, fright, hypothermia and exhaustion are some physical manifestations that may be associated with oil spills [16] ; it is also reported that crude oil consumption can induce a significant decrease in body and organ weight [17] . It was not surprising when the rats in this study showed visible signs of Nigerian Bonny Light Crude Oil (NBLCO) toxicity, which included anorexia and weakness, which corroborate a similar report on mussels where xenobiotics including polycyclic aromatic hydrocarbon (PAH) were reported to significantly reduce the feeding rate of mussels [18] . These observed physical signs could probably have been due to damage and depletion of bodily proteins as well as interference with protein synthesis by free radicals generated by NBLCO. That such damages could be associated with oxidant radical species generated by NBLCO during the course of its metabolism is supported by the fact that antioxidant therapy (Vitamin E or C) significantly corrected these abnormalities in body weight and the amount of food consumed. It can be speculated that polyaromatic hydrocarbons (PAHs) in crude oil in addition to its other constituents can as well affect the physiologic parameters that are directly related to the nutrient status of an organism.
The concentration of oxidants in the body can be elevated by xenobiotic insults such as crude oil [18] as in this case, NBLCO. At high concentrations, oxidants are reported to have the potentials to ultimately damage all major cellular constituents [19] .
Antioxidants are potentially protective agents that may help guard against oxidation as evidenced in this study by the significant reversal of the hazardous effects of NBLCO with antioxidant vitamin E or C supplementation. This corroborate previous findings that potentially damaging oxidative stress is kept in check by endogenous cellular antioxidant defense mechanisms, which include antioxidant enzymes (Superoxide dismutase, catalase and glutathione peroxidase), antioxidant micro-elements, and nutrient-derived antioxidant small molecules (Vitamins A, C, E, carotenes, flavonoids, glutathione) [20] . This study confirmed the hypoglycemic effect of crude oil ingestion reported in experimental animals [12] [13] and yellow-legged gulls [11] . Thus, the results of this study support the conclusion that petroleum products are able to induce a decrease in circulating glucose levels in experimental animals, not only after long-term exposures [14] , but also after short-term episodes of ingestion as postulated by Alonso-Alvarez and co-workers [14] . Other than the link with the alterations in the level of lipid peroxidation and activities of superoxide dismutase which have been reported in hypoglycemic rats [21] - [23] , consumption of crude oil contaminated feed is said to induce lipid peroxidation in rats [3] [4] , no other mechanism has been suggested. It will not be out of place to speculate that oxidative stress like NBLCO may have caused the generation of ROS [24] [25], which in turn stimulates increased cellular utilization of glucose for energy coupled with low food intake with resultant low blood glucose level, this is more so because ROS has been reported to increase glucose uptake in skeletal muscles [26] - [28] . Lending support to the implication of ROS is the result from the antioxidant groups, vitamin C or E which completely reversed the hypogylcaemia induced by NBLCO in this study.
Similar alterations in oxygen consumption, tissue glycogen and glucose levels following exposure of fish to crude oil fractions have been reported [29] , but no reason was adduced for the alterations.
The results of this study showed significant decrease in blood glucose level, which is corroborated by earlier work of Alonso-Alvarez, et al. [14] who reported reduced blood glucose levels in seabirds sampled in oiled areas. Although, contradiction exists in literature, for example Golet et al., [10] that reported higher glucose levels in blood from pigeon guillemots (Cepphus columbia) sampled in areas affected by the Exxon-Valdez oil spill, where they attributed the hyperglycemic effect to increased adrenal response reflected by high level of circulating corticosterone, earlier authors have reported decreased adrenocortical response in oil seabirds [30] . However, the result of this study is in agreement with crude oil hypoglycemic effect hypothesis. The exact specific toxicant in the crude oil and mechanism that is responsible for the hypoglycemia is not clear. Alonso-Alvarez and his co-workers [14] suggested polycylic aromatic hydrocarbons (PAHs) to be responsible for the decrease in glucose level even though they acknowledged that crude oil contains other toxic compounds that may possibly have contributed to the observed effects. It can be argued that the hypoglycemia reported in this study is purely a function of NBLCO toxicity, as corresponding low food intake and lower body mass have also been reported. Atherogenic potentials of NBCO have been reported by Ita and co-workers (2013) [31] , these workers emphatically stressed that in spite of these potentials that NBLCO significantly reduced triglyceride levels in rat. They argued that the body tissues would have resorted to triglyceride as an alternative energy substrate in the phase of hypoglycermia, accounting for the significantly low triglyceride they reported [31] . These reductions may adversely affect glycogenic tissues and enzymes in the rats.
The non-elevated fasting insulin levels recorded in NBLCO-treated group may suggest inadequate secretion due to beta cell dysfunction or beta cell damage [32] . Reactive oxygen species (ROS) are known to damage body tissues via lipid peroxidation [4] - [6] [24] [25] [33] , and the pancreas may not be an exception. Since there was no positive correlation between serum insulin and blood glucose, it could be suggested that the hypoglycaemia induced by NBLCO treatment is independent of circulating insulin concentration. The direct administration of NBLCO through oral gavage to rats reduces food consumption and consequently resulted in weight loss in comparison with control throughout the period of administration. It appeared that the hypoglycemia recorded was a direct function of NBLCO as serum insulin did not show any significant increase. This might also suggest possible injury to the glucogenic organs like the liver and kidney. Interestingly, vitamin C or E supplementation ameliorated the aforementioned effects.
It has been demonstrated in this study that direct oral ingestion of crude oil (NBLCO) could reduce food intake, body weight and cause hypoglycemia, and that the hypoglycemia is not a function of plasma insulin concentration. And the hazardous consequences of ingestion of NBLCO could be ameliorated with antioxidant vitamin C or E supplementation.
